AE PR R
AR 10
%Z:w :
w p

il

< - Y

M riod >

&m %,
i ::‘5.’--_

RASUIES
Vi
]

=14

HESE

A

RNTAH
I8

.,_
2,
gt
i

e
. :h!‘\;
f '?"‘313

31

)

- - Y

FILE COPY
Flocdplain Daia: Ecosystem Characteristics
and ¥7Cs Concenirations in Bicia and Soil

’

P.Van Voris
R. C. Dahlman

Environmental Sciences Division
Publication No. 938

ORNL/TM-5526

|

[

~ LI
N
X3 -
: o,

S

N,

.

3

2 SN
5
(2

Pk " ¥
SN ey : o)
el oy

A
BTV ¢
2 Yﬁ—“t«%‘%* 2

L %-. A g

X,
Syt

Zd‘ I e S N e
§5ﬁ%ﬁﬂ§ :

RhSL i
S

d

(A
& b‘%?

S

e

b
23

|3




Printed in the United States of America. Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road, Springfield, Virginia 22161
Price: Printed Copy $5.50; Microfiche $2.25

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the Energy Research and Development
Administration/United States Nuclear Regulatory Commission, nor any of their
employees, nor any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, apparatus, product or
pracess disclosed, or represents that its use would not infringe privately owned rights.

[ R SV

)

C

*
g '
<‘7
% feed
NI

s
[

J.

L -
[ [ —

[ N ———

—d



* ChemRisk OAK RIDGE REPOSITORY LISTING; LONG ENTRIES 02/17/93 Page 1

1" ChemRisk Repository Number: 82 Document Number: ORNL/TM 5526

. Title:

Authors:
‘"Abstract:

1

"Floodplain data: Ecosystem characteristics and 137Cs concentrations
in biota and soil."

P. Van Voris, R. C. Dahlman

Radiocesium (137Cs) distribution was determined in soil, roots,
ground vegetation, overstory, litter, mammals, feces, and insects in
a drained holding pond between ORNL and White Oak Lake. Maximum
137Cs concentrations in soil occurred near the old retention pond
dam (84,400 pCi/g) and at the upper portion of the floodplain
boundary (70,500 pCi/g). This bimodal distribution pattern of 137Cs
was evident for all samples collected. Large amounts of data have
been collected since the summer of 1974.

? Reviewer: J. Lamb
! Document Source or Location: WOL
Date Document Issued: 11/00/76
--Classification Category: unc
{ Site Document Addresses: X
~Primary Document Category: ED, TM
r Date Entered: 11/06/92
; Entered By: cmv
Keywords: Vegetation, Soil, Radionuclides, Transport, Radiocesium

v e ———



$,

ORNL/TM-5526

Contract No. W-7405-eng-26

y2

FLOODPLAIN DATA: ECOSYSTEM CHARACTERISTICS

137

AND CS CONCENTRATIONS IN BIOTA AND SOIL

P. Van Voris and R. C. Dahlman . -
K

Date Published: November 1976

Environmental Sciences Division

Publication No. 938

OAK RIDGE NATIONAL LABORATORY
O0ak Ridge, Tennessee 37830
operated by
UNION CARBIDE CORPORATION
for the
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

FE




ACKNOWLEDGEMENTS

The authors would 1ike to acknowledge the assistance given by a num-
ber of individuals during vegetative analysis, data collection, and com-
puter programming. We would Tike to thank L. K. Mann, F. G. Taylor, Jr.,
and P. D. Parr for their help in the vegetative analysis of the floodplain
forest communities and W. K. Willard and G. Lyke for assistance in mammal
collection. We are also indebted to G. J. Dodson for collecting and pre-
paring insect samples, to J. L. Thompson for his assistance with all phases
of the work, and to R. J. Olson for his assistance in data analysis and

3-D Perspx Plotting Program.

ii



ABSTRACT

VAN VORIS, P., and R. C. DAHLMAN. 1976. Floodplain data: Ecosystem
| characteristics and 13/Cs concentrations in biota and soil.

r ORNL/TM-5526. Oak Ridge National Laboratory. O0Oak Ridge,

o Tennessee. = pp. 102

j Radiocesium (137

Cs) distribution was determined in soil, roots, ground
vegetation, overstory, litter, mammals, feces, and insects for a floodplain
ecosystem contaminated by Manhattan Project operations in 1944. The 2-ha
{‘ research site was located on the ERDA reservation, Oak Ridge, Tennessee, in
| a drained holding pond between Oak Ridge National Laboratory and White Oak
\i Lake.

]3705 concentrations in soil occurred near the old retention

Maximum
pond dam (84,400 pCi/g) and at the upper portion of the floodplain bound-
"j“ ary (70,500 pCi/g). This bimodal distribution pattern of 1375 was evident
- for all samples collected.

", Large amounts of data have been collected since the summer of 1974.
This report documents the data on ecosystem characteristics and ]37Cs con-

' centrations in biota and soil.
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INTRODUCTION

There is continuing interest in the trgnsport of radionuc]ides‘in
ecosystems on a long-term basis due to the increased number of nuclear
reactor power stations currently in operation and those proposed for the
future. One important fission product of nuciear wastes is radiocesium,
which is introduced into the environment primarily as Tiquid effluent from
nuclear fuel reprocessing plants. Much is known concerning the movement
of 137Cs within an ecosystem after a relatively short perﬁod of time,
entering either as Tiquid effluent or fallout, or from experimental studies
in both xeric and mesic environs (Romney et al. 1971; Auerbach et al. 19613
Dahiman, Auerbach, and Dunaway 19693 Olson 1965). It is well documented
that once 137Cs enters the soil compartment of an ecosystem, its trans-
fer to the bicta is dependent on its interaction and fixation by soil
minerals (Auerbach 1958, Tamura and Jacobs 1960, Romney et al. 1957).
There are exceptions, however, for soils wifh Tow pH (Evans and Decker
1969) and for weathered soils low in micaceous minerals (Sharitz et al.
1975).

It is important to recognize that most studies have concentrated on
transfer of radiocesium to biota after a relatively short period of
time (Waller and Olson 1967, Witherspoon 1964) or only in the soil com-
partment after 10 to 20 years (Lomenick and Tamura 1965). Thus, it is
jmperative that previous concepts derived from short-term laboratory and
field studies of ]37Cs cycling be validated after long periods of contam-
ination. Does the geochemical fate and biotic distribution change with
time? This question was examined in a study of a site contaminated with

137Cs 30 years ago during Manhattan Project operations. Initial results

T — R T T T R T R T T T ST R T i T i
i BEAON | - 8 -




of the study have been reported elsewhere (Dahiman and Van Voris 1976).

The purpose of this report is to document both raw and summarized data

on biotic characteristics of the floodplain ecosystem and to present
concentration data on ]37Cs for biota and soil components of the system.
The specific objectives are (1) to present the data sets for the 137Cs
concentrations in the vegetation, soil, roots, litter, mammals, feces,

and insects collected from the floodplain ecosystem contaminated in 1944,
and (2) to describe the currently existing early successional vegetation
and soils of the contaminated floodplain, enabling continued data gathering
for future delineation of 13705 distribution and other radionuclides at

this site.
EXPERIMENTAL SITE

Manhattan Project operations in 1944 released to White Oak Creek
both fission products (]37Cs, QOSr, ]OsRu, 60Co) and transuranic elements
(238Pu, 239Pu, 241Am, 244Cm) as waste processing effluent. These radio-
nuclides were deposited in sediments of a temporary holding pond over a
period of approximately six months (Fig. 1). This intermediate pond served
to collect waste water prior to its entry into White Oak Lake and, ulti-
mately, into the Clinch River. This temporary holding pond was Tocated
0.9 km south of the Oak Ridge Nationa]lLaboratory installation and 0.6 km
north of White Oak Lake, and was established by the construction of a 90-m
earthen dam across the White Oak Creek. Due to the dam being breached on

September 29, 1944, the holding pond drained, allowing for subsequent de-
3

velopment of a floodplain ecosystem (Fig. 2).
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The fertile alluvial soils are representative of bottomlands of the
Tennessee Ridge and Valley Province. Gravel lenses occur irregularly
throughout the soil profile of the f]podp]ain. These lenses are attri-
buted to the historic meandering of the White Oak Creek. The pH of random
soil samples of the A horizon of the floodplain research site is near 7.5.
By comparison the pH of the A horizon of the soils of the Tennessee bottom-
Tands of this region usually ranges between 5.5 and 6.5. Alkalinity of
the site indicates that the radioactive effluent released during Manhattan
Project operations at ORNL in the 1940's was either treated to adjust an
acid pH caused during waste processing or it went through an alkaline pre-
cipitate process prior to release. ‘

A Tennessee Valley Authority 1951 survey by the Hydraulic Data Branch
(TVA 1975) investigated the sedimentation that had occurred in White Oak
Lake and the intermediate pond. The report states that the volume of
deposited sediment in the intermediate pond was 67,920 ft3. This was
determined by probings and soundings of the intermediate pond area in 1951.
If this reported volume of sediment were to be equally distributed over
the present dimensions of the floodplain site it would equal a depth of
9.2 cm. However, equal distribution is highly unlikely in this case, and
without any other pertinent information on the floodplain it is difficult
to reconstruct the history of the sedimentation since the survey.

The present water course of the White Oak Creek bisects the flood-
plain; a historical White OQak Creek channel, thought to have been abandoned
since 1950, extends along the east perimeter of the study site and cur-
rently functions as an overflow flood channel. During the firs£ year of

research on the floodplain, it was noted that 0.65 in. of rain within a
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given 24-hr period would cause the White Oak Creek to rise to the top of
its banks. Although occasional flooding occurred at the uppermost portion
during March 1975, the creek has not overflowed to any appreciable extent

in the Tower portion during the past two years.
VEGETATION OF THE FLOODPLAIN

Since the drainage of the temporary holding pond in late 1944, an
early successional forest has developed on the 2-ha study site. A vege-
tation analysis was completed for each 900-m2 sector of the floodplain
research area in the late summer of 1974. The dominant canopy types were
counted by species in each sector, and the analysis included a general
1isting of understory and ground vegetation for each sector. This vege-
tation analysis allowed the subclassification of the floodplain forest
into three major early successional forest types that are typical of
Tennessee bottomlands (Fig. 3). The understory and ground vegetation
species are typical of shade-tolerant types common to floodplain commu-

nities of the eastern deciduous forest biome.

METHODS AND MATERIALS

Grid system

A sampling grid was established on 30-m-spacings over the 20,000-m2
area of the floodplain in August 1974. A portion of this grid system west
of the White Oak Creek and above the S210-m transect (Fig. 3) had been
previously installed for the purpose of studying radionuclide discharge

to groundwater from burial ground number 4 located approximately 100 m

to the west of the floodplain study site. At the intersection of each
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Legend for Figure 3

Description of principal communities:

1. Open area (no overstory trees) with scattered dogwood (Cornus
amomum Miller), boxelder (Acer neqgundo L.), willow (Salix nigra Marsh),
waTnut (Juglans nigra L.), and white'ash (Fraxinus americana L.). Ground
cover consists of jewel weed (Impatiens ¢apenis Meerb), microstegium
(Microstegium vimineum (Trinus) A. Canus), aster (Aster sp.), and golden

rod (Solidago sp.).

2. Stand dominated by sycamore (Plantanus occidentalis L.) (X = 3
trees/100 m2). Second dominant tree is white ash.

3. Stand dominated by white ash (X = 8 trees/100 mz); associated
overstory species of sycamore, willow, red maple (Acer rubrum L.), box-
elder, tulip poplar (Liriodendron tulipfera L.), sweet gum (Liquidambar
styraciflua L.), and elm (UImus americana L.).

4. Mixed hardwood region with no single dominant overstory species:
codominance of elm and tulip poplar; with associated overstory of red
cedar (Juniperus virginiana L.), willow, red maple, white ash, sycamore,
sweet gum, boxelder, walnut, and hackberry (Celtis occidentalis L.). The
principal understory species are dogwood, white ash, grape (Vitis sp.),
plum (Prunus sp.), buckeye (Aesculus octandra Marsh), beech (Fagus grandi-
folia Ehrh.), and magnolia (Magnolia acuminata L.).

Except where a dense, homogenous stand is noted, ground cover of the
entire area consists of jewel weed, microstegium, aster, golden rod, trumpet
vine (Campsis radicans (L.) Seeman), Japanese honeysuckle (Lonicera japonica

Thunberg), vetch (Vicia sp.), poison ivy (Rhus radicans L.), sedge (Carex
sp.), and bulrush (Scirpus sp.g

Scattered understory species through entire area are dogwood, sweet
gum, willow, walnut, plum, and buckeye.

Widespread shrub species throughout the entire area include wild rose
(Rosa setigera Michaux), blackberry (Rubus sp.), alder (Alnus sp.), elder-
berry (Sambucus canadensis L.), and grape.

(Scientific names follow A. E. Radford et al., 1968, Manual of the
Vascu1§r Flora of the Carolinas, Chapel Hill, University of North Carolina
Press.
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grid transect, quadrant numbers were assigned starting at the upper left
(1)-NW, upper right (2)-NE, Tower left (3)-SW, and lower right (4)-SE.
This allowed for both grid coordinates and quadranf numbers to be recorded

for all samples collected.

Ground vegetation

At each of the grid coordinates within the boundaries of the flood-
plain, the aboveground portions of three different species of ground vege-

tation (Microstigeum vimineum, Impatiens capensis, and Lonicera japonica)

were collected for radicanalysis (Fig. 4). These three species were
selected, based on their widespread distribution throughout the floodplain
and their suspected importance as food sources for the herbivores inhab-
iting the area. Al1l ground vegetation samples were taken within a 10-m
radius of the grid coordinates and the quadrant numbers were recorded for
each species collected. A1l ground vegetation samples were collected in
September 1974 prior to leaf fall. Samples were dried to a constant
weight (100°C), shredded, and homogenated; and aliquots of similar geom-

etry to the 13,400 dis/min 15/

137

Cs standard were then radioassayed for

Cs. Results were expressed in terms of picocuries per gram oven-dry
weight. Radiocesium content of all samples was determined by using a

3- x 3-in. NaI(TT) well-type crystal of a Packard Auto-Gamma Spectrometer
coupled to a Nuclear Data 812 pulse-height analyzer. Corrections due to

13705 standard and adjustments for background

decay of the 13,400 dis/min
and equipment efficiency were automatically made by the tape program of

the ND-812 analyzer.




- —————— 4

10

PHOTO 1126-75

Fig. 4 Wild rye samples being collected at grid coordinates W30-S280
for 137

Cs determination and future biomass estimations.
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Overstory

Two dominant overstory trees were selected at each of the grid inter-
sections for radioanalysis. Leaf samples were collected from the species
nearest the intersection; the second sample was taken at a location that
was in the opposite (180°) quadrant. For each tree sampled for foliage,

a core was taken from the bole of that tree at breast height using a
standard 0.5-cm increment bore. Sample processing was carried out in the
same fashion for tree samples as for ground vegetation, and each sample

137

was analyzed for Cs content. Results were expressed in terms of pico-

curies per gram oven-dry weight.

So1il

——

Two soil cores were taken near each of the grid transect intersec-
tions. Each core was located between each previously sampled tree and
the grid intersection at a point on the ground below the outer 1imit of
the tree canopy. This was done in an attempt to include feeder roots in
the soil core from that particular tree. In nine cases, only one core
was taken because only one overstory sample had been taken at that loca-
tion or the canopies of the two overstory samples overlapped. Each 7.5-
cm-diam core was then sectioned into the following centimeter increments:
0-2, .2-7, 7-12, 12-17, 17-22, 22-32, 32-42, 42-52, 52-bottom. Seciioning
started at the bottom of the core and proceeded upwards to minimize poten-
tial cross contamination from sections nearer the surface. Results from
a preliminary survey in the spring of 1974 had led us to beljeve that
higher Tevels of radioactivity would most 1ikely be found in the surface
increments. Woody roots were removed manually from eachrincrement of each

core during sectioning and a random subsample of soil was taken from each
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increment for 137

Cs determination. The counting procedure and instrument
were the same as already described for vegetation; results were expressed
in terms of picocuries per gram oven-dry weight.

Two soil cores were taken below the earthern dam at W60-S330 and

137Cs content of the soil below the dike and im-

W30-S330 to determine the
poundment. These two cores were processed and radioassayed in the same -
manner as the cores taken within the floodplain boundaries. Radionanalysis

results were expressed in terms of picocuries per gram oven-dry weight.

Roots
Roots that had been removed manually from the soil cores were radio-

]37Cs after drying. After initial radioassay had been com-

assayed for
pleted, éach sample was cleaned using a L+R 320-D Ultrasonic Bath. The
roots were placed in the bath for 5 min, then oven-dried and placed in
clean counting tubes. When selected root samples were examined micro-
scopica]]y; minute quantities of soil were observed adhering to the root
surfaces. After the first such examination the roots were cleaned again
for an additional 5 min and reexamined. Small soil particles were still
observed adhering to the root surfaces after 10 min of ultrasonic cleaning.
There visually seemed to be no appreciable difference between 5- and 10-
min cleaning, therefore, the cleaning time was kept constant at 5 min.
Cleaned roots were dried (100°C) to a constant weight and radioassayed,

using the same procedures previously described for vegetation and soils;

results were expressed in terms of picocuries per gram of oven-dry weight.

Litter
Leaf fall samples were collected in 24-m2 Titter traps which were

placed at each of the grid coordinates or, in the case of E25-S270 and
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W60-S210, at the point nearest the grid intersection (Fig. 5). Litter
collections were made on three different dates:' October 3, 1974; October
24, 19745 and November 19, 1974. On each -of these dates all material in
the Titter trap was collected and dried (100°C) to a constant weight. The
entire sample was weighéd, shredded, and homogenated, and a subsample of

137

each bulk sample was analyzed for Cs. Results were expressed in terms

of picocuries per gram dry weight.

Mammals

Small mammals were collected using Sherman Live Traps (3 x 3 1/2 x
12 in.) which were placed on a 10-m grid system. The 2-ha study site had
to be subdivided into four major trap sites due to the 1imited number of
traps available. The trapping was conducted from November 27, 1974,
through January 20, 1975; A trap was opened at each of the 10-m grid Toca-
tions for seven consecutive trap nights with a total of 1512 trap nights
for the entire floodplain. A total of 84 small mammals were collected
with a trap efficiency of 5.6%. Animals were sacrificed and their taxa,
weight (fresh), sex, trap location, and date of capture were recorded.
Radiocesium (137Cs) content of the whole body (fresh weight) of the mammals
was determined by using a 3- x 3-in. NaI(T1) flat-head crystal connected
to a Packard Multi-Channel Analyzer. Dry weights were calculated, based
on the percentage-fresh-weight-to-dry-weight conversion for each species
(Mathies et al. 1972, Story unpublished data 1975). This was done in’
order to keep the tissues intact for other radionuclide determination.

Larger mammals (Procyon lotor, Didelphis marsupialis, Sylvilagus

floridanus) were collected using Tomahawk Live Traps (15 x 15 x 42 in.

and 9 x 9 x 32 in.), which were randomly placed in each of the 900-m?
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sectors of the floodplain. Each trap was open for seven trap nights at
each -of the 21 locations with a total of 147 trap nights. A total of

nine animals were captured with a trap efficienéy of 6.1%. Not all ani-
mals trapped were sacrificed, only representatives of each species were

selected. For the four animals that were sacrificed, their taxa, weight

(fresh), sex, date of capture and trap location were recorded. Radiocesium

body burden of the animals were based on tissue analyses according to:

q = [YX(=)(8)1/2

where:
q = whole body burden,
Y = pCi/g of representative muscle sample,
X = fresh weight of the animal,
« = fraction of fresh weight that is dry weight,
B = fraction of body weiéht that is muscle tissue, and
A = fraction of 137Cs that is in the muscle.

[« = 0.31, B = 0.46, and A = 0.76 (Willard unpublished data 1975)]

A similar technique (Cummings et al. 1971) was used for determining whole
body burden of ]37Cs in white-tail deer; however, the fractions are dif-
ferent because of the different mammals examined. Results were expressed

béth in picocuries per gram dry weight and as whole body burdens.

Fecal material

During each sample collection trip onto the floodplain, between

September 1974 and April 1975; any fecal material which was observed was

collected. A total of nine fecal samples (six white-tail deer, two quail,
137

and one rabbit) were collected for Cs analysis. Grid coordinates were

ot
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recorded and samples were dried (100°C) to a constant weight and radio-

137

assayed for Cs content; results were expressed in picocuries per gram

dry weight.

Insects

A Timited number of insects were collected in early September 1974.
The sweep net technique was used for all sample collections, which were
separated by genus and freeze-dried in groups according to sampling loca-
tion. After freeze drying, an aliquot of similar geometry to the ]37Cs
standard was selected for radioassay; results were expressed in picocuries

per gram freeze-dried weight.

Mensuration and biomass of floodplain overstory
137

In order to develop a budget for Cs in the floodplain overstory,
it was necessary to estimate the biomass for the above- and below-ground
compartments. This was accomplished by randomly selecting twelve of the
grid transect intersecfions and making an invéntory of each tree > 7.6-cm
dbh within a 10-m radius of those grid coordinates. This inventory
covered approximately 18% of the total area studied. The dbh of each
overstory tree and its taxa and quadrant were recorded at each of the
twelve sample locations. Dry-weight biomass for leaf, branch, bole,
stump, and root for each tree was calculated, based on regression equa-

tions developed by Harris, Goldstein, and Henderson (1973) for the Walker

Branch Watershed.
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RESULTS

Soil

' Results of radiocesium determinations for soil cores taken within
the floodplain boundaries exceeded background concentrations for this
type of soil from this Tocality (2 to 6 pCi/g from fallout) (Tables 1la,
1b and 1c). A bimodal distribution pattern was evident with the highest
pCi/g concentrations for any increment occurring near the dam (W30-S300;
22 to 32-cm depth; 84,400 pCi/g) and at the upper portion of the floodplain
(E60-5120; 32 to 42-cm depth; 70,500 pCi/g). The Towest concentrations
occurred along the lateral perimeter of the floodplain. Weighted means
were calculated for each grid intersection to facilitate isometric pre-
sentation of the entire soil profile for the floodplain (Fig. 6).

Soil cores taken below the dam, outside the floodp]éin boundary,
showed significant reduction in 137Cs concentrations (Tables 2a and 2b).
The highest concentration (W30-S330; 0 to 2-cm depth; 365 pCi/g) was in
the same range as were the lowest concentrations found within the flood-

plain at that depth. A1l ]37Cs concentrations below the 17-cm depth,

outside the floodplain boundaries, were equivalent to background.

Roots
The distribution pattern of root concentrations was related to the

pattern of 13705 in soil. Again, as was the case in all samples collected,
the highest concentrations occurred near the dam (W30-S270; 32 to 42-cm
depth; 12,500 pCi/g) near the upper portion of the floodplain (E30-S120;

17 to 22-cm depth; 6,330 pCi/g) (Tables 3a, 3b and 3c). A measure of

137Cs before and after cleaning in the ultrasonic bath revealed a 66%

e ~ P
AR ARG A P I T A el A I SR Ls 07 LTI ST et S T Ty 43 =
SR T R AR IR LR CE I TS S MU Sy e SO S AR IR I L M4 o
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ORNL-DWG 75-15628R

39,807 pCi/g
(E30-S450)

31,392 pCi/g
(E30-5420) §

14,207 pCi/g
(00 - S120)

5427 pCi/q
(00 - S210)

24,431pCi/g

!(W3OS300)

FLOODPLAIN/ '
BOUNDARY &5 [N

WHITE OAK
CREEK
o RETENTION
S ~N POND DAM
o %
’bo =
(23

137 Fig. 6. Isometric presentation of weighted means of
Cs concentrations in soil cores looking North.
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(+ 0.94 standard error) reduction in activity. The Tow coefficient of
variation (CV = 25%) of percentage 137Cs removed by ultrasonic cleaning
indicates uniformity of treatment. It is important to recognize that
roots were not absolutely clean. Yet, root concentrations of ]37Cs are
probably reasonable estimates, because retention of contaminated soil
after ultrasonic cleaning would most 1ikely balance losses due to leaching
from roots during cleaning. Also, the problem of error propagation is

137Cs data for samples of 0.01 g are expressed

137

potentially substantial when
in terms of picocuries per gram of roots. Weighted means of Cs con-
centrations in roots were calculated for each grid coordinate to facilitate

isometric presentation of root data (Fig. 7).

Ground vegetation

Concentrations of 137

Cs in the aboveground portions of the ground
vegetation ranged from 4.6 to 182.4 pCi/g for all spécies (Tables 4a, 4b,
4c and 4d). Although there were differences in concentrations among
species collected, no regular patterns could account for these differences.
Isometric presentation of means for each grid coordinates shows the same
bimodal distribution pattern as demonstrated for both soil and roots

(Fig. 8).

Overstory

Concentrations of 137

Cs in floodplain overstory leaf samples ranged
from background to 161.1 pCi/g for all samples (Tables 5a, 5b, 5¢, 5d and
5e). Means for all ieaf and seed samples were 27.9 pCi/g (+ 4.7 standard
error, N=45) and 27.2 pCi/g (+ 23.7 standard error, N=2) respectively.

Isometric presentation of concentrations of leaf activity shows the same

bimodal pattern as other samples (Fig. 9).
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ORNL—DWG 76-5069

2414 pCi/g (E60-S120)

1953 pCi/g (00-S150)
3079 pCi/g (W30-S270)

681 pCi/g (00-5240)

2196 pCi/g (W60—S300)

137 Fig. 7. Isometric presentation of weighted mean
Cs concentrations of roots taken from soil cores.
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ORNL-DWG 76-5068

108.75 pCi/g
(E30-5120)

62.42 pCi/qg
(E30-S150)

27.49 pCi/g
(W30-S240)

39.40 pCi/g
(W30 -S300)

oy 31.28 pCi/g
A (00-5300)
S2 N
FLOODPLAIN
BOUNDARY/C\’
WHITE OAK
CREEK
RETENTION
~ POND DAM
o4
S S

Fig. 8. Isometric presentation of mean ]37Cs concen-~
trations of ground vegetation samples from the floodplain.
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ORNL-DWG 76-5067

161.10 pCi/g (E60-S420)

_— 96.34 pCi/g (E30-S450)

_—49.20 pCi/g (00-5210)

%\q'o
"O~? °
FLOODPLAIN —"
BOUNDARY «
Yo
&———— WHITE 0AK
> CREEK
33.18 pCi/g (W60~-S300) %,
(o]
= R \ RETENTION
AN o POND DAM
S%.
(=) &,
%’b
137

Fig. 9. Isometric presentation of mean Cs concentra-
tions in foliage of overstory from the floodplain.
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Concentrqtions of ]37Cs in increment cores ranged from background
to 125.2 pCi/g. However, the coefficient of correlation between leaf and
increment bore samples was only 0.36, because the leaf samples were taken
at the end of one growing season and the increment core samples were taken

at the beginning of the following growth season.

Litter

137Cs in leaf 1itter collections ranged from back-

Concentrations of
ground to 81.7 pCi/g for a}] collections (Tables 6a and 6b). Mean concen-
trations were 20.6 pCi/g (10/3/74), 20.6 pCi/g (10/24/74), and 13.2 pCi/g
(11/19/74). These values are consistently lower than the observed values
for overstory leaf samples collected only a few weeks earlier, because

]37Cs is translocated from the leaves to the woody tissues of the tree

'137CS

prior to abscission (Witherspoon 1964). Isometric presentation of
values for each of the collection dates shows the recurring bimodal pat-
term; however, there are differences in the proportionality of the patterns

between collection dates (Figs. 10, 11 and 12).

Mammals., feces, and insects

Concentrations of 137

Cs ranged from background to 107.3 pCi/g for
all small mammals collected (Tables 7a and 7b). The highest concentrations

for any of the taxa collected were in Blarina brevicauda. Those small

mammals trapped on the 1atéra1 margins of the floodplain had the lowest
concentrations and those trapped near the dam and at the ﬁpper portion of
the floodplain had the highest concentrations (Fig. 13). Concentrations in
the larger more mobile mamma]s'ranged from 17.2 to 92.6 pCi/g and whole

body burdens of ]37Cs ranged from 3,800 to 26,080 pCi (Tables 7a and 7b
and Fig. 13).
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ORNL-DWG 76-5065

64.10 pCi/g
(E30 - $420)

49.46 pCi/g
(E30- S450)

47.27 pCi/qg
(00-5150)

34.67 pCi/g
(W30 - $240)

30.48 pCi/qg
(W60 - S300)

FLOODPLAIN
BOUNDARY

RETENTION
POND DAM

- Fig. 10. Isometric presentation of ]37Cs concentration
in Titter collected on 10/3/74.
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ORNL-DWG 76-5064

84.74 pCi/g a
(E30~—-5120)

36.08 pCi/qg

34.47pCi/g \(E30-5150)

40.81pCi /g
(W60-5270)

28.36 pCi/g
(E30-5240)

22.63pCi/g
(W30-5300)

FLOODPLAIN
BOUNDARY WHITE OAK
CREEK
RN RETENTION
v POND DAM
= =
(=] K
&° (=4
137

Fig. 11. Isometric presentation of

Cs concentration 1in
Titter collected on 10/24/74.
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ORNL-DWG 76-5063

26.47 pCi/q
(E30-S120)

29.33 pCi/g
(W30 -5240)

\

/ 10.01 pCi/g
AE30-5240)
“
T - \\ 15.44 pCi/g
9.3 pCi/g ’ \\\ {W60-S300)
(W60 -5210) N , ‘\‘
\<a
,‘39 / : ‘ \eo
A /1 X "\ X\
BYNTO Y,
@ 4
FLOODPLAIN , <
L | PR S om
D
@ = .§
o | X =38
\J %,
9‘0\\ (~4
é\/ ,:O\\ *3\0
& o RETENTION
= POND DAM

[~}

Fig. 12. Isometric presentation of ]37Cs concentration in
litter collected on 11/19/74.
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ORNL-DWG 76-~6049
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[pCi/g DRY WEIGHT, X4 SE (N)]
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MICROTUS PINETORUM
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137Cs in feces collected from the floodplain ranged

Concentrations of
from background to 470.7 pCi/g (Tables 8a and 8b and Fig. 13). The highest
concentration occurred in quail feces and the lowest occurred in deer feces.

]37Cs in insects ranged from 5.8 to 11.7 pCi/g

‘Concentration of
(Tables 9a, 9b and oc and Fig. 13). The highest concentrations summarized
by genus occurred in Concephalus (9.9 pCi/g, + 0.08 standard error, N=4)
and the highest concentration, based on collection coordinates, occurred

near the dam (W30-S270; 9.2 pCi/g + 0.73 standard error, N=6).

Mensuration and biomass of floodplain overstory

The mean biomass estimation technique was used to develop a total
aboveground biomass for the floodplain overstory. The aboveground biomass
estimate of 112 x 103 kg/ha agrees very closely with published average
aboveground biomass data for the Walker Branch Watershed, which ranged from
121 to 137 x 10° kg/ha (Harris, Goldstein and Henderson 1973). The slightly
Tower estimate for the floodplain may reflect the young age of this forest '

(< 30 years) (Tables 10a and 10b). .
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Table 4a.
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Thfee selegted ground vegetation species collected from the floodplain. [Legend:
grid coordinates of collection; TAXA = genus and species; QUAD = quadrant collected from;
SAMPHT = sample dry weight in grams; ACTGRAM = activity per gram in picocuries.]

GRIDCOOR

H60-53001
W60-5300H
H60-5300H
H30-5300n
W30-sS300M

00-s3001

00-5300H

00-5300%
W60~-S270N
¥60-5270x
W30-5270M
H30-5270n
W30-5270H

00-s270n

00-s270Y
¥60-5240M
W60~-52u0%
R60-5240M
H30-5240M
W30-52u40M
W30-s5240H

00~-S240H

00-s2u0H

00-s240n
E30-52004
E30-52408
E30-5240H
960~-521018
H60-5210H
"60-52101
¥30-52104
#30=-5210H
w30-5210H

00-s5210M

00-5210N
E30-52101
E30-5210HM
W30-5180M
W30-5180H4
W30-s5180M

00-s5180%

00~5180H8

00-s180H
B30-51801
E30-5180H
B60-5180N
B60-51801
£60~5S180M

00-s1508

00-5150H

00-5150M
E30-51501
E30-5150n
B30~5150Hn
E60-5150H
B60-S1H08
BE60-51508

00-51208

00-s1201
B30-S1208
E30-S1208
E30-5120%

H=62

TAZA

MICROSTIGEUYM VIMINZON
INPATIENS CAPENSIS
LORICERA JRPONICA
MICROSTIGEUM VIMINEUHN
I#PATIERS CAPEHWSIS
HICROSTIGEUHM VINMNINEUM
IMPATIENS CAPENSIS
LONICERA JAPONICA
INPATIENS CAPENSIS
LORICERA JAPONICA
MICROSTIGEUDHY VIMINEUNM
IMPATIENS CAPERSIS
LONICERA JAPONICA
MICROSTIGEUM VIMINREUM
LONICERA JAPONICA
IMPATIENS CAPENSIS
LONICERA JAPONICA
MICROSTIGEUNM VININEUM
MICROSTIGEUM VIMINEUM
INPATIENS CAPENSIS
LOHICERA JAPONICA
MICROSTIGEUM VININEUM
INPATIENS CAPENSIS
LONICERA JAPORICA
MICROSTIGEUM VIMINEUM
IHPATIENS CAPENSIS
LOHICERA JAPONICA
IMPATIERS CAPENSIS
LONICERA JAPONICA
MICROSTIGEUN VIMINEUH
INPATIENS CAPENSIS
LONICERA JAPONICA
MICRCSTIGEUN VIMINEUM
INPATIENS CAPENSIS
¥ICROSTIGEUM VININEONM
LORICERA JAPONICA
BICROSTIGEUM VIMINEUN
MICROSTIGEUM VININEOH
INPATIENS CAPENSIS
LONICERA JAPORICA
IHPATIENS CAPERSIS
LORICERA JAPORICA
MICROSTIGEUH VIHINEUM
IMPATIERS CAPENSIS
MICROSTIGEUN VIMINEUM
INPATIERS CAPENSIS
LOBICERA JRPONICA
MICROSTIGE UM VIMINEUH
NICROSTIGEUM VININEDM
IMPATIENS CAPENSIS
LORICERA JAPONICA
MICROSTIGEUK VINMINEUM
IMPATIENS CAPENSIS
LORICERA JAPONICA
MICROSTIGEUY VININEUN
IMPATIENS CAPERSIS
LORICERA JAPONICA
IMPATIERS CAPERSIS
LONICERA JAPOKRICA
MICROSTIGEUM VININEUH
IMPATIENS CAPENSIS
LONICERA JAPONICA

QUAD

1
1
3
3
3
3
3
1
[
1
1
4
1
2
2
1
1
4
2
4
1
2
4
2
2
4
4
2
1
4
3
1
3
4
4
4
2
4
3
4
1
1
2
4
8
3
2
3
4
1
1
3
1
1
2
2
4
2
[
1
2
1

SAMPHT

33.5
17.1
43.2
34.8
49.4
45.6
93.0
96.4
77,3
28.8
51.8
73.0
36.1
60.0
123.9
65.2
36.5
15.3
27.0
58.5
27.7
34.1
96.7
80.8
20.1
98,4
71,7
66.6
39.2
13.3
36.1
28.3
17.6
154.3
45.0
67.4
26.8
16.7
44.3
39.3
89.1
29.1
24,9
118.1
34.5
118.0
54.0
37.0
15.7
96.5
34.0
26.0
54,1
86.4
39.0
76.2
59.2
115.6
48.0
37.5
90.3
52.2

ACTGRAM

18.01
20.33
28.80
51.15
27.65
19.29
46.55
28,05
30.23
31.61
22.69
18.42
24,12
13.83
24.28
18. 14
21.20
31.85
41.70
22. 41
18.37
15. 19
33.74
24,49
33.24

6.06

8,10
14.59
18.83
25.07
28.56
27.20
23,28
24,84
21.28

6.54
42.53
54,56
14.93
21.12
72,44
63.70
39.82
21.73
22,17
28.43

4.59
16,07
23.11
95.94
14,29
46.81
54.77
85.69
26.02
*32.38
10,65
13.89
22.16
28,43
115,42
182.42

GRIDCOOR =
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Table 6a. Litter data by collection date from the floodplain. [Legend: GRIDCOOR = grid coordinates;
COI:DATE = collection date; DRYWTGR = dry weight in grams; ACTGRAM = activity per gram dry
weight expressed in picocuries; TOT_ACT = total activity of sample co'l'lected.g

N=24

—————————e-- DATECODE=1 CCLDATE=10 3 74 ~=-eccccca---
GRIDCOOR COLDATIE DRYWIGR ACTGRRHM TCT_ACT
E25-5270H 10 3 74 0.0 0.00 0.00
E30-S240H 10 3 74 49.0 4.12 201.88
W30-S300M 10 3 74 18.4 11.10 204.24
E60-S180H 10 3 74 6C.9 4.08 248.47
W30-S270M 10 3 74 24.9 24.54 611.05
W60-5210HM 10 3 74 53.7 12.0°5 647.08
00-S300M 1C 3 74 104.7 6.86 718.24
00-5270H 10 3 74 107.8 7.42 799.88
00-S120H 10 3 74 76.1 10.70 814.27
E30-S210M 10 3 74 83.7 10.82 9C6.47
~ 00-s210H 10 3 74 41.0 24,22 993.02
H60~-S300H 10 3 74 38.2 30.48 1164.34
W30-s240H 10 3 74 60.7 31.67 1922.37
00-5240H 10 3 74 137.8 16.27 2242.01
E30-S180H 10 3 74 157.0 15.98 2508.86
E60~-S150M 10 3 74 228.9 11.90 2723.91
W30-S180H 10 3 74 236.4 14.82 3503.45
W30-S210H 10 3 74 141.3 26,89 3799.56
W60-S240M 10 3 74 163.8 23.26 3809.99
H60=-S270M 10 3 74 162.6 23.74 3860.12
00-S180M 10 3 74 180.3 23.77 4285.73
E30-S150H 10 3 74 101.3 49.4¢ 5010.30
E30-S120M 10 3 74 106.8 64.10 6845.88
00-S150M 10 3 74 150.0 47.27 7090.50




GRIDCOOR

E60-S180M
00-s300HM
00-s270M

E25-5270M

W30-S180M

W30-S300H

W60-S210M

E60-S150M

E30-S210M

W6 0-S300M

E30-S180M
00-S180M
00-s210M

W60-S240M
00-s120M

W30-S270M

W30-sS240HM
00~-s240HM
00-sS150H

E30-S240M

W30-s210M

E30-S150H

W60-S270M

E30-S120M

N=24
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Table 6a (continued)

DATECODE=2 COLDATE=10 24 74 --=-

COLLATE CRYWIGR ACTGRAM
10 24 74 244.1 0.00
10 24 74 202.9 1.31
10 24 74 11C.6 3.77
10 24 74 60.7 8.20
10 24 74 39.7 19.71
10 24 74 39.3 22.63
1C 24 74 167.0 6.44
10 24 74 112.9 10.21
10 24 74 170.3 6.79
10 24 74 58.9 19.64
10 24 74 179.5 9.25
10 24 74 106.6 17.75
10 24 74 104.9 19.17
10 24 74 123.0 17.01
10 24 74 173.9 12.36
10 24 74 90.1 25.8¢
10 24 74 118.5 20.62
10 24 74 192.8 14.89
10 24 74 83.7 34.47
10 24 74 116.3 28.36
10 24 74 144.6 37.75
10 24 74 180. 1 36.08
10 24 74 208.7 40.81
10 24 74 297.3 81.71

TOT_ACT

0.0
265.8
417.0
497.7
782.5
889.4

1075.5
1152.7
1156.3
1156.8
1660. 4
1892.1
2010.9
2092.2
2149.4
2329.1
2443.5
2870.8
2885.1
3298.3
5458. 6
6498.0
8517.0
24292.4



€4

GRIDCOGR

E60-S180H
E25-S270H
W30-5180H
00=-5S210H
E60-S150M
00-5300H
00-S150H
E30-S180HM
W30-S300N
W30-S210HM
00-5240M
00-S180H
00-5s270H
00-S120M
E30-S210H
W6 0-S300H
E30-S150H
W30=-S240M
E30-S120H
W60-S120H4
E30-S240H
W60=-S240M
W60-S270M
W30~-5270H

N=24

CCLIATE

19 74
19 74
19 74
19 74
19 74
19 74
19 74
19 74
19 74
19 74
19 74
19 74
74
19 74
19 74
19 74
19 74
19 74
19 74
19 74

) el e el wmd e o) el ol ) e ) eed edd wd e ) eed ) el )
wd el ) ) i ed el e el o) e D el ed ) eed el e e e e ad L
-
(Vo)
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Table 6a (continued)
~-s==s=-e-- DATECODE=3 COLDATE=11 19 74

CRYWTGR

()]
i~
°

FOoFFNWWOANOOO

W
S OONOVWIOOO
.

Y SN N
o
¢ o

£ -
prgyrs
[ A ]

ue. 0
77.3
36.8
24.3
19.7
22.6
65.9
73.4
29.6
37.2
138.7

ACTGRAM

0.00
0.00
0.00
0.00
11.71
2.37
17.70
8.78
10.21
22.8°%
6.61
25.10
9.00
8.36
6.20
15.14
23.48
29.33
26,47
9.13
10.01
27,33
27.69
19.06

TQT_ACT

1

0.00
0,00
0.00
0.00
90.17
92.67
106.20
178.23
207.26
255.92
267.04
371.48
372.60
384.56
479.26
557.15
570.56
577.80
598.22
601.67
734.73
808.97
030.07

2643.62
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Table 7b. Statistical anmalysis of mammal data from the floodplain by taxa.

TAXA=BLARYNA BREVICAUDA

VARIABLE ] HEAN STD STDERR cv HAX %IR

PRESH WEIGHT 15 13.16 1.97 0.51 14.97 18.10 11.10

DRY WEIGHT 15 6.76 1.08 0.28 15.91 9.62 5.68

ACTIVITY/GRAN 15 38.23 26.03 6.72 68.08 107.35 9.52

TOTAL ACTIVITY 15 259.81 159.82 41.26 63.97 675.23 58.17

TAXA=DIDELPHIS #ARSUPIALIS

VARIABLE § HEAR STD STDERR cv HAX BIN
PRESH WEIXIGHT 2 1355.00 205.06 145.00 15.13 1500.00 1210.00
DRY WEIGHT 2 420.05 63.57 44.95 15.13 465.00 375. 10
ACTIVITY/GRAK 2 54,93 53.34 37.72 97.11 92.65 17.21
TOTAL ACTIVITY 2 14991. 68 15675.74 11084.42 104.56 26076.10 3907.26

TAXA=BICROTUS PINRTORUM

VARIABLE N HEAN STD STDERR cv NAX HIN
PRESE WEIGHT 1 18. 00 . . - 18.00 18.00
DRY WEIGHT 1 7.02 - . . 7.02 7.02
ACTIVITY/GRAN 1 34.20 - . . 34,20 34.20
TOTAL ACTIVITY 1 240.08 . . . 240.08 280.08
T AXA=OCHROTONYS RUTTALLI
VARIABLE L) HEAN STD STDERR cv HAX BIN
PRESH WEIGHT 3 19.90 3.86 2.23 19.38 24.30 17.10
DRY WEIGHT 3 5.31 0.28 0.16 5.20 5.61 5.07
ACTIVITY/GRAN 3 8. 57 4.15 2,40 48.48 12.38 4.14
TOTAL ACTIVITY 3 44,72 19.99 11.54 48.71 62.77 23.23
T AXASORYZONYS PALUSTRIS
VARIABLE - ¥ MEAN STD STDERR cyY HAX uIR
PRESH WEIGHT 15 40.33 12.34 3.19 30,59 60.50 22,10
DRY WEIGHT 15 13.32 4.06 1.05 30.48 19.96 7.29
ACTIVITY/GRAH 15 20.77 9.89 2.55 47.62 . 37.33 6.39
TOTAL ACTIVITY 15 284.32 159.79 41.26 56.20 555. 18 70.61
T AX A=PBRONYSCUS LEUCOPUS
VARIABLE X HEAN STD STDERR cv BAX .34 ]
PRESH WEBIGET 50 17. 49 3.58 0.51 20.49 25.30 11.33
DRY WEIGHT 50 6. 17 1.26 0.18 20062 8,92 3.99
ACTIVITY/GRAH 50 18, 20 13.58 1.91 78,37 79.58 0.43
TOTAL ACTIVITY 50 110.50 80,75 11.02 73.08 465.31 3,10
TAXA=PROCYON LOTOR
VARIABLE ] HEAN STD STDERR cv HAX 2N
PRESH WEIGHT 1 3400.00 . . . 3400.00 3400.00
DRY WEIGHT 1 1054.00 . . . 1054.00 1054.00
ACTIVITY/GRAN 1 19.55 . . . 19.55 19.55
TOTAL ACTIVITY 1 12471.87 ° . - 12871.87 12671.87
TAXA=SYLVILAGUS FLORIDANUS
VARIABLE L] HEAN STD STDERR cv HAX .18 ]
FRESHE WEIGHT 1 890.00 - . . 890.00 890.00
DRY WEIGHT 1 275.90 . - . 275.90 275,90
ACTIVITY/GRAY 1 22,75 . . - 22.75 22.75
TOTAL ACTIVIZY 1 3799.07 . . . 3799.07 3799.07

Y N ESA

PRt -




Table 8a. Fecal samples from the floodplain.

[Legend:

82

TYPE = type of animal from which sample was

thought to have come; GRIDCOOR = grid coordinates; DRYWTGR = dry weight in grams; ACTGRAM =
activity per gram dry weight in picocuries; COLDATE = collection date.]

TYPE GRIDCOOR DRYWTGR ACTGRAM COLDATE
DEER 00-5280 5.09 18.84 9 20 74
DEER H45-s5160 2.20 -0.00 12 19 74
DEER W45-5 160 2.60 0.00 12 19 74
DEER W15-5185 2.30 8.60 1 24 75
DEER W15-5 190 3.70 1.54 1 24 75
DEER W15-S 145 2.00 71.40 1 25 75
QUAIL E10-5160 2. 10 470.70 1 775
QUAIL E35-s110 2.57 361.54 1 7175
RABBIT W55-5230 2.01 14.11 1 7 75
N=9
Table 8b. Statistical analysis of fecal material by type.
- -=--= TYPE=DEER
VARIABLE N MEAN STD STDERR cvV MAX MIR
ACTIVITY/GRAM 6 2.98 1.20 0. 49 40.09 5.09 2.00
DRY WEIGHT/GR 6 16.73 27.75 11.33 165.86 71.40 0.00
- === TYPE=QUAIL
VARIABLE .} MEAN STD STDERR CcvV MAX MIN
ACTIVITY/GRAN 2.33 0.33 0.24 14.23 2.57 2.10
DRY WEIGHT/GR 416.12 77.19 54.58 18.55 470.70 361.54
~ee-=ee-es PYPE=RABBIT
VARIABLE N MEAN STD STDERR cv MAX MIN
ACTIVITY/GRAN 1 2.01 - - - 2.01 2.01

DRY WEIGHT/GR

1 14,1 .

4.1

14.11
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Insect data collected from the floodplain.

GRIDCOOR = grid coordinates; DRYWTGR =

Table 9a. [Legend:
dry weight in grams; ACTGRAM = activity per gram dry weight expressed in picocuries;
DATECAPT = date captured. ]

GRIDCOOR GENUS DRYWTGR
W30-S270M CONCEFHALUS 2.58
W30-s270H MELANCPIUS 0,62
W20-S210H CCNCEEHRALUS 2.20
W20-S210M MELANOPIUS 1.98
W30-S270H CCNCEFH2LUS 2.48
W30-S270M MELANCP1US 3.71
¥30=-S270H CCNCEEHRLUS 2.52
W30-S270M MELANOP1US 3.73

N=8

ACTGRAM DATECAPT
11.72 9 18 74
9,83 9 18 74
9.76 9 19 74
5.85 9 19 74
10. 46 S 24 74
8. 56 9 24 74
7.92 9 26 74
6.47 9 26 74
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